Manual therapy has long been a component of physical rehabilitation programs, 15 especially to treat those in pain. The mechanisms of manual therapy, however, are not fully 16 understood, and it has been suggested that its pain modulatory effects are of neurophysiological 17 origin, and may be mediated by the descending modulatory circuit. Therefore, the purpose of this 
Introduction 25
Manual therapy has been a component of physical rehabilitation programs since as early 26 as 400 BC (Pettman 2007) . Since its inception, many variations of manual therapy techniques 27 have been developed and marketed. Each year, upwards of $8.1 billion is spent in the US on 28 manual therapies, including chiropractic/osteopathic manipulation and massage (Nahin et al. 29 2009). Despite the large annual financial expenditures on manual therapies, its mechanisms are 30 not yet fully understood. Current research suggests that a neurophysiological response to manual 31 therapy is responsible for clinically significant decreases in pain (Bialosky et al. 2009 ). Included 32 in the neurophysiological response is the descending pain modulation circuit, which may be a 33 principle mechanism in the analgesic effect of manual therapies. 34
Descending Modulation of Pain 35
Melzack & Wall (1965) were the first to explain the potential mechanisms of a central 36 pain modulatory system, wherein the authors described the gate control theory of pain, which 37 simply states that non-noxious input suppresses painful output by inhibiting dorsal root 38 nociceptors. Numerous neurotransmitters, including serotonin (5-HT), endocannabinoids, and 39 endogenous opioids (EO), have been shown to act on the rostral ventromedial medulla (RVM) 40 and periaqueductal grey (PAG) in order to modulate nociceptive circuits and pain output ( Kraus et al. 1981) . 50
Being that the analgesic effects of both human touch (Lindgren et al. 2012 ) and placebo 51 (Colloca et 
Manipulation Therapies 60
Through the millennia, numerous types of manipulation therapies have been developed 61 and advocated, and have been purported to cure everything from scarlet fever and diphtheria to 62 hearing loss (Pettman 2007) . However, perhaps the most widely proclaimed outcome from 63 manipulative therapy is pain relief, which may be modulated by neurochemicals that act on the 64 RVM and PAG. OMT on plasma endocannabinoid concentrations; that is, AEA and 2-arachidonoylglycerol (2-81 AG). Thirty-one subjects received either an OMT treatment (biodynamic osteopathy in the 82 cranial field) or a sham treatment. Importantly, subjects were recruited from a patient population 83 of an osteopath who regularly uses OMT; therefore, the patients most likely believe the treatment 84 is efficacious. No changes were observed in 2-AG concentrations in either group. In the sham 85 group, negligible, insignificant changes in AEA were observed (17%). The OMT group 86 experienced a 168% increase (5.02 pmol/mL) in AEA over baseline, but this increase did not 87 achieve statistical significance; however, this difference may certainly be clinically relevant, as 88 indicated by changes in Drug Reaction Scale (DRS) scores. These data suggest that 89 endocannabinoids do play a role in the analgesic effect of OMT. Investigators found that the analgesic effects of knee joint manipulation were not impacted by 113 the spinal blockade of opioid or GABA receptors, but were impacted by blocking the receptors 114 of 5-HT and norepinephrine. Therefore, it was posited that descending inhibition following knee 115 joint manipulation may be modulated by serotonergic and noradrenergic mechanisms. These 116
findings have yet to be replicated in humans. 117
Mobilization Therapies 118

Ankle Joint Mobilization 119
In mice, ankle mobilization-induced analgesia has been shown to be mediated by EO 120 pathways (Martins et al. 2012 ). Importantly, researchers noted that the bottleneck in 121 antihypersensitivity was opioid receptor availability, rather than opioid-containing leukocytes. 122
Although opioid receptor availability may be the bottleneck in mice, this is not necessarily true 123
for humans. These data should be replicated in human subjects, and could have large EOs that work on kappa-opioid receptors, such as dynorphin. 145
Massage Therapies 146
Massage therapy is often sought for both pleasure and therapy. It has been proposed to 147 work through the gate control theory of pain, initially described by Melzack & Wall (1965) 
